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SUBJECT COMPONENT TO 330 
FINISHING TREATMENT(S) 


US 9,624,791 B2 


1 
NOISE SUPPRESSION APPARATUS AND 
METHODS OF MANUFACTURING THE 
SAME 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 


This invention was made with Government support under 
contract NNC14VC60P awarded by the NASA/Glenn 
Research Center. The Government has certain rights in the 
invention. 


TECHNICAL FIELD 


The inventive subject matter relates to noise suppression 
apparatus and, more particularly, to noise suppression appa- 
ratus and methods of manufacturing the same that may be 
used in connection with turbine systems. 


BACKGROUND 


Operating machinery may generate noise-causing vibra- 
tions. Modern aircraft may include various turbine systems 
such as jet engines (i.e., one or more gas-powered turbine 
engines), auxiliary power units (APUs), and/or environmen- 
tal control systems (ECSs), which can generate both thrust 
to propel the aircraft and electrical and pneumatic energy to 
power systems installed in the aircraft by the flowing of a 
fluid, such as air, there-through. Although such aircraft 
systems are generally safe, reliable, and efficient, they can 
exhibit certain drawbacks. For example, turbine engine 
systems can be sources of noise, especially during aircraft 
take-off and landing operations. Additionally, APUs and 
ECSs can be sources of ramp noise while an aircraft is 
parked at the airport. 

To mitigate the noise emanating from aircraft, various 
types of noise reduction systems have been developed. For 
example, noise suppression panels have been incorporated 
into some aircraft ducts and plenums, or into other channels 
and conduits that direct the flow of fluid relative to a solid 
object. Typically, noise suppression panels have flat or 
contoured outer surfaces, and include either a bulk absorber 
material or a honeycomb structure disposed between a 
backing plate and a face plate. The noise suppression panels 
are placed proximate the noise-generating source, such as on 
an interior surface of an engine or in an APU inlet and/or 
outlet ducts, as necessary, to reduce noise emanations. 

Although the above-described noise suppression panels 
exhibit fairly good noise suppression characteristics, they 
may be improved. In particular, with the advent of additive 
manufacturing techniques, noise suppression panel configu- 
rations may become possible that were heretofore too costly 
or too complex to practically implement using conventional 
manufacturing technologies. Hence, there is continuing need 
for improved noise suppression configurations that take 
advantage of the latest manufacturing technologies to reduce 
manufacturing costs and increase noise suppression perfor- 
mance. Furthermore, other desirable features and character- 
istics of the inventive subject matter will become apparent 
from the subsequent detailed description of the inventive 
subject matter and the appended claims, taken in conjunc- 
tion with the accompanying drawings and this background 
of the inventive subject matter. 


BRIEF SUMMARY 


The present disclosure is generally directed to noise 
suppression apparatus and related technologies, and meth- 
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ods of manufacturing the same. In one exemplary embodi- 
ment, a noise suppression apparatus includes a body portion 
including a plurality of nested channels, each channel of the 
plurality of nested channels including a first end opening and 
a second end opening, and a surface portion including each 
first end opening and each second end opening of each 
channel. 

In another exemplary embodiment, a turbine system 
includes a rotating component, a wall component annularly 
surrounding the rotating component, and a noise suppression 
apparatus disposed within or along the wall component. The 
noise suppression apparatus includes a body portion includ- 
ing a plurality of nested channels, each channel of the 
plurality of nested channels including a first end opening and 
a second end opening, and a surface portion proximate to the 
body portion, the surface portion including each first end 
opening and each second end opening of the channels of the 
plurality of nested channels. 

In yet another exemplary embodiment, a method for 
manufacturing a noise suppression apparatus includes gen- 
erating a three-dimensional digital model of the noise sup- 
pression apparatus. The model includes a body portion 
including a plurality of nested channels, each channel of the 
plurality of nested channels including a first end opening and 
a second end opening, and a surface portion proximate to the 
body portion, the surface portion including each first end 
opening and each second end opening of the channels of the 
plurality of nested channels. The method further includes 
manufacturing the noise suppression apparatus based on the 
model using an additive manufacturing technique. 

This summary is provided to introduce a selection of 
concepts in a simplified form that are further described 
below in the detailed description. This summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used as an aid 
in determining the scope of the claimed subject matter. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a cross-sectional view through an exemplary gas 
turbine engine implementing a noise suppression apparatus 
in accordance with some embodiments of the present dis- 
closure; 

FIG. 2 is a perspective, cutaway view of a noise suppres- 
sion apparatus according to various embodiments of the 
present disclosure; 

FIGS. 3A, 4A, 5A, and 6A provide side, perspective, top, 
and cross-sectional views, respectively of an exemplary 
eight-block channel pattern of the noise suppression appa- 
ratus of FIG. 2; 

FIGS. 3B, 4B, 5B, and 6B provide side, perspective, top, 
and cross-sectional views, respectively of an exemplary 
six-block channel pattern of the noise suppression apparatus 
of FIG. 2; 

FIGS. 3C, 4C, 5C, and 6C provide side, perspective, top, 
and cross-sectional views, respectively of an exemplary 
four-block channel pattern of the noise suppression appara- 
tus of FIG. 2; 

FIGS. 3D, 4D, 5D, and 6D provide side, perspective, top, 
and cross-sectional views, respectively of an exemplary 
two-block channel pattern of the noise suppression appara- 
tus of FIG. 2; 

FIG. 7 provides an exemplary block pattern layout of 
various two-block, four-block, six-block, and eight-block 
patterns that may be implemented in the noise suppression 
apparatus of FIG. 2; 
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FIG. 8 is a flow diagram illustrating steps in a method of 
manufacturing a portion of a noise suppression apparatus, 
such as that shown in FIG. 2, using additive manufacturing 
techniques; and 

FIG. 9 is an exemplary additive manufacturing system 
suitable for use in manufacturing the portion of the noise 
suppression apparatus, such as that shown in FIG. 2, using 
additive manufacturing techniques. 


DETAILED DESCRIPTION 


The following detailed description is merely exemplary in 
nature and is not intended to limit the inventive subject 
matter or the application and uses of the inventive subject 
matter. Furthermore, there is no intention to be bound by any 
theory presented in the preceding background or the follow- 
ing detailed description. 

The presently described embodiments are generally 
directed to noise suppression, particularly for the suppres- 
sion of noises generated by operating machinery, such as 
turbine systems. For purposes of illustration, certain 
embodiments provided herein will be described in the con- 
text of noise suppression apparatus implemented on an 
aircraft, such as on a gas turbine engine, on an APU, or on 
an ECS. However, the present disclosure should not be 
viewed as limited to such aircraft-based implementations. 
Rather, it will be appreciated that the apparatus and methods 
described herein will find utility in any system that employs 
the use of operating machinery, and wherein it is desired to 
reduce any noises that may be generated by such machinery. 

A noise suppression apparatus in accordance with the 
present disclosure includes multiple passages to provide 
passive destructive interference. The passages apply an 
out-of-phase sound field to incoming sound waves, destruc- 
tively cancelling the energy, creating a reduction in overall 
sound level. Additive manufacturing techniques may be 
used to manufacture the complex pattern of passages that 
would not be feasible or practical using current manufac- 
turing techniques. 

Turning now to FIG. 1, the implementation of an exem- 
plary noise suppression apparatus is provided in the context 
of a gas turbine engine 100 for purposes of non-limiting 
illustration. The gas turbine engine 100 generally includes 
an intake section 102, a compressor section 104, a combus- 
tion section 106, a turbine section 108, and an exhaust 
section 112. The intake section 102, compressor section 104, 
combustion section 106, turbine section 108, and exhaust 
section 112 are all mounted within a nacelle 114. The 
compressor section 104, combustion section 106, and tur- 
bine section 108 are all mounted within an engine case 116. 

The intake section 102 includes a fan 118, which draws air 
into the engine 100 and accelerates it. A fraction of the 
accelerated fan air that is exhausted from the fan 118 is 
directed through a fan air bypass duct 122 that is defined by 
an outer fan duct wall 124 that is spaced apart from and 
surrounds an inner fan duct wall 126. Most of the fan air that 
flows through the fan air bypass duct 122 is discharged from 
the bypass duct 122 to generate a forward thrust. The 
fraction of fan air that does not flow into the fan air bypass 
duct 122 is directed into the compressor section 104. The fan 
air that flows through the bypass duct 122 generates noise as 
aresult of fluid (air) flowing relative to a solid object (the fan 
duct). Accordingly, it may be desirable to implement one or 
more noise suppression apparatus 200 at the bypass duct 
122, in accordance with the present disclosure. Greater 
detail regarding noise suppression apparatus 200 is provided 
below in connection with FIG. 3. For example, as shown in 
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FIG. 1, the apparatus 200 may be located at either or both of 
an inlet portion 122a of duct 122 and aft portion 1226 of duct 
122. Additionally, the apparatus 200 may be configured as 
part of either of both of outer wall 124 and inner wall 126. 
Wherever implemented, the apparatus 200 may be provided 
in an annular configuration corresponding to the shape of the 
respective duct wall 124, 126, with an axial length extending 
along the rotational axis of the turbine engine 100. 

With continued reference to FIG. 1, the compressor 
section 104 can include one or more compressors. The 
engine 100 depicted in FIG. 1 includes two compressors— 
an intermediate pressure compressor 132 and a high pressure 
compressor 134. No matter the number of compressors it 
includes, the air that is directed into the compressor section 
104 is pressurized to a relatively high pressure. The rela- 
tively high pressure air that is discharged from the compres- 
sor section 104 is directed into the combustion section 106. 
The combustion section 106 includes a combustor 136 that 
is coupled to receive both the relatively high pressure air and 
atomized fuel. The relatively high pressure air and atomized 
fuel are mixed within the combustor 136 and the mixture is 
ignited to generate combusted air. The combusted air is then 
directed into the turbine section 108. The depicted turbine 
section 108 includes three turbines—a high pressure turbine 
138, an intermediate pressure turbine 142, and a low pres- 
sure turbine 144—though it should be appreciated that any 
number of turbines may be included. The combusted air 
directed into the turbine section 108 expands through each 
of turbines 138, 142, 144, causing each to rotate. The air is 
then exhausted through a propulsion nozzle 146 disposed in 
the exhaust section 112 to provide additional forward thrust. 
As the turbines 138, 142, 144 rotate, each drives equipment 
in the gas turbine engine 100 via concentrically disposed 
shafts or spools as best seen in FIG. 1. 

With the inclusion of noise suppression apparatus 200, the 
noise generated by gas turbine engine 100 may be reduced. 
That is, during operation, noise generated by fan air flowing 
through bypass duct 122, such as through either or both of 
the inlet portion 122a@ and the aft portion 1226, may be 
attenuated by the inclusion of the apparatus 200 along either 
wall 124 or 126 of either portion 122a or 1228. 

FIG. 2 is a perspective, cutaway view of a noise suppres- 
sion apparatus 200 according to various exemplary embodi- 
ments of the present disclosure. The noise suppression 
apparatus 200 is adapted to reduce an amount of noise that 
may travel from one area to another, for example within 
various flow ducts and passages of equipment, such as 
turbine engines, APUs, and ECSs, that may be found in an 
aircraft. According to an embodiment, the noise suppression 
apparatus 200 may be disposed in an aircraft to reduce noise 
that may emanate from an engine. For example, the noise 
suppression apparatus 200 may be placed in an aircraft air 
duct, such as an air inlet plenum or an engine exhaust duct, 
as illustrated above in FIG. 1. 

To suppress noise, the noise suppression apparatus 200 
includes a sound-cancelling body portion 205. The noise 
suppression apparatus 200 further includes a fluid flow 
facing surface 202 having a plurality of surface openings 
201. The fluid flow facing surface 202 is provided in contact 
with the flowing fluid, such as the air flowing through the 
duct 122 in FIG. 1. The surface openings 201 are configured 
to receive noise energy from a noise source, such as the 
engine, and to allow at least a portion of the noise to pass 
into the openings 201. The noise suppression apparatus has 
a thickness 270 (which in the case of implementation in the 
duct 122 of a gas turbine engine 100 is a radial thickness) 
that may be from about 0.5 inches to about 2.0 inches in 
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various embodiments, although greater or lesser values may 
be used to adapt the apparatus 200 to a particular imple- 
mentation. 

In an embodiment, to provide acoustic transparency, the 
fluid flow facing surface 202 has openings 201 in an amount 
and in a configuration sufficient to obtain a desired percent 
open area value. As is used herein, the phrase “percent open 
area” (POA) may be defined as an amount of open area of 
the openings 201 as a percentage of the total surface area of 
fluid flow facing surface 202 for allowing the passage of 
sound. In accordance with an embodiment, the fluid flow 
facing surface 202 has openings to achieve a POA of greater 
than about 70%. For example, the POA may be in a range of 
from about 30% to about 80%, although the POA may be 
more or less. 

Each opening 201 of the noise suppression apparatus 200 
leads to a channel that extends into the sound cancelling 
body portion 205. Each channel is associated with two 
openings 201, one on each end thereof. The channels may be 
provided in various nested block configurations, as is 
described in greater detail with regard to FIGS. 3A through 
6D. In particular, Figures of the present disclosure ending 
with letter “A” illustrate eight-block nested channel con- 
figurations, those ending with letter “B” illustrate six-block 
nested channel configurations, those ending with letter “C” 
illustrate four-block nested channel configurations, and 
those ending with letter “D” illustrate two-block channel 
configurations. While the Figures include an eight-block 
nested channel configuration as the greatest number of 
blocks illustrated, it will be appreciated that configurations 
with more than eight blocks are possible. Further, FIGS. 
3A-3D provide side views of the respective configurations, 
FIGS. 4A-4D provide perspective view of the respective 
configurations, FIGS. 5A-5D provide top views of the 
respective configurations (i.e., towards surface 202), and 
FIGS. 5A-5D provide cross-sectional view of the respective 
configurations. 

Turning first to FIGS. 3A, 4A, 5A, and 6A, an exemplary 
eight-block nested channel configuration (210) is provided. 
The eight-block nested channel configuration includes eight 
openings 201 that lead to four nested channels 211, 212, 213, 
and 214. Channel 212 is nested within channel 211, channel 
213 is nested within channel 212, and channel 214 is nested 
within channel 213. As used herein, the term “nested” refers 
to the fact that the nested channel is provided wholly within 
the bounds defined by the underlying channel, such channels 
being provided in abutting adjacency to one another. Each 
channel 211-212 includes inwardly-extending segments 
(with respect to surface 202) and one laterally extending 
segment (also with respect to surface 202) connecting the 
two inwardly-extending segments. The inwardly-extending 
segments have a depth “D”, which is illustrated in FIG. 6A, 
and the laterally extending segment has a length “L”, also 
illustrated in FIG. 6A. Each successive nested channel 211, 
212, 213, and 214 has a depth D and a length L that is less 
than the previous channel, such that each channel is able to 
fit in a nested configuration within the previous channel. For 
example, channel 212 has a length L and a depth D that is 
less than the length L and the depth D of channel 211, and 
so forth. 

Turing next to FIGS. 3B, 4B, 5B, and 6B, an exemplary 
six-block nested channel configuration (220) is provided. 
The six-block nested channel configuration includes six 
openings 201 that lead to three nested channels 221, 222, 
and 223. Channel 222 is nested within channel 221, and 
channel 223 is nested within channel 212. Each successive 
nested channel 221, 222, and 223 has a depth D and a length 
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L that is less than the previous channel, such that each 
channel is able to fit in a nested configuration within the 
previous channel. For example, channel 222 has a length L 
and a depth D that is less than the length L and the depth D 
of channel 221, and so forth. 

Turning next to FIGS. 3C, 4C, 5C, and 6C, an exemplary 
four-block nested channel configuration (230) is provided. 
The four-block nested channel configuration includes four 
openings 201 that lead to two nested channels 231 and 232. 
Channel 232 is nested within channel 231. Each successive 
nested channel 231, 232 has a depth D and a length L that 
is less than the previous channel, such that each channel is 
able to fit in a nested configuration within the previous 
channel. For example, channel 232 has a length L and a 
depth D that is less than the length L and the depth D of 
channel 231. 

Turning next to FIGS. 3D, 4D, 5D, and 6D, an exemplary 
two-block channel configuration (240) is provided. The 
two-block channel configuration includes two openings 201 
that lead to one channel 241. 

The outermost (i.e., lowest nested channel) of each of the 
eight-, six-, four-, and two-block nested channel configura- 
tions have substantially equivalent depths D. However, 
because the greater-block configurations have more blocks 
to traverse laterally, the length L of the outermost channel of 
the eight-block configuration will be greater than that of the 
six-, four-, and two-block configurations, and so forth. This 
depth/length relationship remains true for each successive 
inwardly nested channel as well (e.g., channels 212, 222, 
and 232 have the same depths D, but successively shorter 
lengths L, and so forth). The magnitude of the greatest depth 
D (ae., the depth D for channels 211, 221, 231, and 241) will 
vary greatly from embodiment to embodiment, but is gen- 
erally slightly less than the magnitude of thickness 270 (to 
account for the thickness of the exterior walls of the appa- 
ratus 200). The magnitude of the greatest length L (1.e., that 
of channel 211) will again vary greatly from embodiment to 
embodiment, but may generally be about 1.5 to about 5 
times the magnitude of the greatest depth D. The lengths/ 
depths of other channels will thus be smaller in magnitude, 
according to the dimensions of the channels and the spacing 
between channels, as discussed below. 

With greater attention now to the configuration of the 
openings 201 leading to the channels present in each of 
FIGS. 3A through 6D, in some embodiments, such as those 
depicted, the openings 201 may be generally rectangular, 
having dimensions W, and W,, as illustrated. In particular 
embodiments, the openings may be square, where W, and 
W.,, may be substantially equal. Generally, the magnitude of 
W, and W, may be from about 0.05 inches to about 0.2 
inches, although greater or smaller magnitudes are possible 
in alternative configurations. The corresponding dimensions 
of the channels may be maintained consistently with the 
openings 201. The spacing between channels W, may be 
from about 0.02 inches to about 0.15 inches. Additionally, 
the thickness of the sidewalls of the noise suppression 
apparatus 200 surrounding the channels (W,) may be from 
about 0.01 inches to about 0.1 inches. Although, with regard 
to these dimensions, greater or smaller magnitudes are 
possible in alternative embodiments. 

As initially noted above, the noise suppression apparatus 
200 in accordance with the present disclosure includes 
multiple passages to provide passive destructive interfer- 
ence. The passages apply an out-of-phase sound field to 
incoming sound waves, destructively cancelling the energy, 
creating a reduction in overall sound level. Additive manu- 
facturing techniques may be used to manufacture the com- 
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plex pattern of passages that is not feasible using current 
manufacturing techniques. As will be appreciated by those 
having ordinary skill in the art, the term destructive inter- 
ference means that two interfering sound waves that are in 
counter-phase cancel each other, and the term passive means 
that no active components (such as speakers) are used. 
Through an air-path with a certain length, sound waves from 
a common source are entering from both sides. At a given 
point, the sound waves meet with a 180° phase difference 
(half of a wavelength) and therefore cancel each other by 
destructive interference. This method uses the sound itself to 
drastically reduce noise and does not require a secondary 
sound source such as a speaker, and hence it can overcome 
many problems of active noise control methods like energy 
use of equipment, needed fast processors to match the 
acoustic signal, difficulties with coping with varying sounds, 
and difficulties with noise control in big or unconfined 
spaces. Moreover, the exploitation of the geometry-related 
capabilities of such configurations provides improved per- 
formance and increased freedom in design and material 
choice. 

For example, according to the foregoing multi-block 
channel configurations, each channel thereof has a different 
length that would be suitable for attenuating noise at a 
different frequency or set of frequencies. The analysis of a 
noise source will reveal the frequencies and level of noise 
generated at each frequency. Based on this information, an 
apparatus 200 can be designed that includes various num- 
bers of eight-, six-, four-, and two-block channel configu- 
rations (as well as others if greater numbered block con- 
figurations are available) that “tailor” the apparatus 200 to 
attenuate the exact noise that is being generated. More 
specifically, an apparatus 200 can include various numbers 
of each of the different block configurations to “tune” the 
apparatus for noise suppression of a specifically-identified 
noise source. 

FIG. 7 provides an example of this “tailoring” or “tuning” 
As shown therein, a portion of an upper surface 202 of an 
exemplary apparatus 200 is illustrated. The apparatus 200 
include various numbers of each of the previously-described 
eight-block (210), six-block (220), four-block (230), and 
two-block (240) nested channel structures, in various layout 
configurations. Thus, the apparatus 200 shown in FIG. 7 is 
tailored for a particular use, that is, it is tailored for the 
reduction of a particular noise, which can be cancelled using 
destructive interference by the noise passing through the 
various channels of the apparatus 200. 

As initially noted above, additive manufacturing tech- 
niques may be used to manufacture the complex pattern of 
passages that is not feasible using current manufacturing 
techniques. FIG. 8 is a flowchart illustrating a method 300 
for manufacturing a component, for example a noise sup- 
pression apparatus 200 as described above with regard to 
FIG. 2, using, in whole or in part, powder bed additive 
manufacturing techniques based on low energy density 
energy beams. In a first step 310, a model, such as a design 
model, of the apparatus 200 may be defined in any suitable 
manner. For example, the model may be designed with 
computer aided design (CAD) software and may include 
three-dimensional (“3D”) numeric coordinates of the entire 
configuration of the apparatus including both external and 
internal surfaces (i.e., surface 202, noise cancelling body 
portion 205). In one exemplary embodiment, the model may 
include a number of successive two-dimensional (“2D”) 
cross-sectional slices that together form the 3D component. 

In step 320 of the method 300, the apparatus is formed 
according to the model of step 310. In one exemplary 
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embodiment, a portion of the apparatus is formed using a 
rapid prototyping or additive layer manufacturing process. 
In other embodiments, the entire apparatus is formed using 
a rapid prototyping or additive layer manufacturing process. 

Some examples of additive layer manufacturing processes 
include: selective laser sintering in which a laser is used to 
sinter a powder media in precisely controlled locations; laser 
wire deposition in which a wire feedstock is melted by a 
laser and then deposited and solidified in precise locations to 
build the product; electron beam melting; laser engineered 
net shaping; and selective laser melting. In general, powder 
bed additive manufacturing techniques provide flexibility in 
free-form fabrication without geometric constraints, fast 
material processing time, and innovative joining techniques. 
In one particular exemplary embodiment, SLM is used to 
produce the component in step 320. SLM is a commercially 
available laser-based rapid prototyping and tooling process 
by which complex parts may be directly produced by 
precision melting and solidification of metal powder into 
successive layers of larger structures, each layer correspond- 
ing to a cross-sectional layer of the 3D component. 

As such, in one exemplary embodiment, step 320 is 
performed with SLM techniques to form the apparatus 200. 
However, prior to a discussion of the subsequent method 
steps, reference is made to FIG. 9, which is a schematic view 
of a SLM system 400 for manufacturing the apparatus. 

Referring to FIG. 9, the system 400 includes a fabrication 
device 410, a powder delivery device 430, a scanner 420, 
and a low energy density energy beam generator, such as a 
laser 460 (or an electron beam generator in other embodi- 
ments) that function to manufacture the article 450 (e.g., the 
apparatus 200) with build material 470. The fabrication 
device 410 includes a build container 412 with a fabrication 
support 414 on which the article 450 is formed and sup- 
ported. The fabrication support 414 is movable within the 
build container 412 in a vertical direction and is adjusted in 
such a way to define a working plane 416. The delivery 
device 430 includes a powder chamber 432 with a delivery 
support 434 that supports the build material 470 and is also 
movable in the vertical direction. The delivery device 430 
further includes a roller or wiper 436 that transfers build 
material 470 from the delivery device 430 to the fabrication 
device 410. 

During operation, a base block 440 may be installed on 
the fabrication support 414. The fabrication support 414 is 
lowered and the delivery support 434 is raised. The roller or 
wiper 436 scrapes or otherwise pushes a portion of the build 
material 470 from the delivery device 430 to form the 
working plane 416 in the fabrication device 410. The laser 
460 emits a laser beam 462, which is directed by the scanner 
420 onto the build material 470 in the working plane 416 to 
selectively fuse the build material 470 into a cross-sectional 
layer of the article 450 according to the design. More 
specifically, the speed, position, and other operating param- 
eters of the laser beam 462 are controlled to selectively fuse 
the powder of the build material 470 into larger structures by 
rapidly melting the powder particles that may melt or diffuse 
into the solid structure below, and subsequently, cool and 
re-solidify. As such, based on the control of the laser beam 
462, each layer of build material 470 may include unfused 
and fused build material 470 that respectively corresponds to 
the cross-sectional passages and walls that form the article 
450. In general, the laser beam 462 is relatively low power 
to selectively fuse the individual layer of build material 470. 
As an example, the laser beam 462 may have a power of 
approximately 50 to 500 Watts, although any suitable power 
may be provided. 
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Upon completion of a respective layer, the fabrication 
support 414 is lowered and the delivery support 434 is 
raised. Typically, the fabrication support 414, and thus the 
article 450, does not move in a horizontal plane during this 
step. The roller or wiper 436 again pushes a portion of the 
build material 470 from the delivery device 430 to form an 
additional layer of build material 470 on the working plane 
416 of the fabrication device 410. The laser beam 462 is 
movably supported relative to the article 450 and is again 
controlled to selectively form another cross-sectional layer. 
As such, the article 450 is positioned in a bed of build 
material 470 as the successive layers are formed such that 
the unfused and fused material supports subsequent layers. 
This process is continued according to the modeled design 
as successive cross-sectional layers are formed into the 
completed desired portion, e.g., the apparatus of step 320. 

The delivery of build material 470 and movement of the 
article 450 in the vertical direction are relatively constant 
and only the movement of the laser beam 462 is selectively 
controlled to provide a simpler and more precise implemen- 
tation. The localized fusing of the build material 470 enables 
more precise placement of fused material to reduce or 
eliminate the occurrence of over-deposition of material and 
excessive energy or heat, which may otherwise result in 
cracking or distortion. The unused and unfused build mate- 
rial 470 may be reused, thereby further reducing scrap. 

Any suitable laser and laser parameters may be used, 
including considerations with respect to power, laser beam 
spot size, and scanning velocity. The build material 470 may 
be any metallic or nonmetallic material suitable for additive 
manufacturing, as is known in the art. In general, the powder 
build material 470 may be selected for enhanced strength, 
durability, and useful life, particularly at high temperatures, 
although as described below, the powder build material 470 
may also be selected based on the intended function of the 
area being formed. 

Returning to FIG. 8, at the completion of step 320, the 
article 450, i.e., the apparatus 200, may be given a stress 
relief treatment and then is removed from the powder bed 
additive manufacturing system (e.g., from the SLM system 
400). In optional step 330, the component formed in step 320 
may undergo finishing treatments. Finishing treatments may 
include, for example, polishing and/or the application of 
coatings. If necessary, the apparatus may be machined to 
final specifications. 

Accordingly, the exemplary embodiments described 
herein provide noise suppression apparatus that includes 
multiple passages to provide passive destructive interfer- 
ence. The passages apply an out-of-phase sound field to 
incoming sound waves, destructively cancelling the energy, 
creating a reduction in overall sound level. Additive manu- 
facturing techniques may be used to manufacture the com- 
plex pattern of passages that is not feasible using current 
manufacturing techniques. 

While at least one exemplary embodiment has been 
presented in the foregoing detailed description of the inven- 
tive subject matter, it should be appreciated that a vast 
number of variations exist. It should also be appreciated that 
the exemplary embodiment or exemplary embodiments are 
only examples, and are not intended to limit the scope, 
applicability, or configuration of the inventive subject matter 
in any way. Rather, the foregoing detailed description will 
provide those skilled in the art with a convenient road map 
for implementing an exemplary embodiment of the inven- 
tive subject matter. It being understood that various changes 
may be made in the function and arrangement of elements 
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described in an exemplary embodiment without departing 
from the scope of the inventive subject matter as set forth in 
the appended claims. 

What is claimed is: 

1. A turbine system comprising: 

a rotating component; 

an annular wall component annularly surrounding the 

rotating component; and 

an annular noise suppression apparatus disposed within or 

along the annular wall component, the noise suppres- 
sion apparatus being manufactured using an additive 
manufacturing technique, wherein the noise suppres- 
sion apparatus comprises an annular body portion that 
has a radial thickness defined with respect to a longi- 
tudinally oriented central axis of the turbine system and 
a longitudinal length also defined with respect to the 
central axis, and comprising a plurality of channels, 
each channel of the plurality of channels comprising: 
a first end opening and a second end opening, each 
second end opening being longitudinally spaced 
from its associated first end opening with respect to 
the central axis, and 
two outwardly extending segments that extend radially 
into the body portion from the inner annular surface, 
wherein each of the two outwardly extending seg- 
ments connects with a first end opening or a second 
end opening, and 
a longitudinally extending segment with respect to the 
central axis that extends within the body portion 
between the two outwardly extending segments; 
wherein the first and second end openings are positioned 
along an inner annular surface of the annular body 
portion so as to form an m by n array of openings along 
the inner annular surface, the array being defined by m 
openings oriented circumferentially at a constant lon- 
gitude with respect to the central axis and n openings 
oriented longitudinally with respect to the central axis, 
the total number of first and second openings being 
mxn; 
wherein, of the plurality of the channels, a first channel 
thereof has first radially outwardly extending segments 
that extend a first radially outward distance and a first 
longitudinally extending segment that extends a first 
longitudinal distance, and wherein, of the plurality of 
the channels, a second channel thereof has second 
outwardly extending segments that extend a second 
radially outward distance, greater than the first radially 
outward distance, and a second longitudinally extend- 
ing segment that extends a second longitudinal dis- 
tance, greater than the first longitudinal distance, and 

wherein the first longitudinally extending segment and the 
second longitudinally extending segment overlap one 
another in the radial direction, and wherein the inner 
annular surface exhibits a percentage open area 
(“POA”), defined as a percentage of an area of the inner 
annular surface occupied by both the first and second 
end openings, of greater than 70%. 

2. The turbine system of claim 1, wherein the turbine 
system is selected from the group consisting of: a jet 
engines, an auxiliary power unit, and an environmental 
control system. 

3. The turbine system of claim 2, wherein the turbine 
system comprises a jet engine, wherein the rotating compo- 
nent comprises a turbine shaft, and wherein the wall com- 
ponent comprises a bypass duct wall. 


* * * * * 


